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assuring diagnosis before discharge, through POS,
is a useful backup screen. When a significant CHD
isdetectedprenatally, it is usually recommended that
the delivery occur in a tertiary facility with neona-
tology and pediatric cardiology specialists avail-
able. Infants affected with CHD have higher rates
of neurologic disability, potentially worsened by
delayed diagnosis and suboptimal care. Neonatal
transport, if the diagnosis is onlymadeor suspected
after birth, can result in parents being separated
from their critically ill infants.
The majority of CHD occur in pregnancies with

no identified risk factors. Because prenatal detec-
tion remains relatively poor and early detection so
important, routine newborn screening with pulse
oximetry is now recommended and performed in
most centers (JAMA. 2011;306:1748–1749). As
demonstrated in this article, POS can detect a sub-
stantial proportion of cases that are not identified
prenatally. It is optimal, however, to identify a strat-
egy that could be broadly applied for improvedpre-
natal detection of affected fetuses. Implementation
of clear protocols for evaluation of the fetal heart,
with recommendations for when to refer for fetal
echo, has been found to be quite effective. This is
an approach that we all should apply to our pro-
grams, whether community hospitals with largely
low risk women or high risk referral centers.—MEN)
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ABSTRACT
Electronic fetal monitoring is used on more than 3.8 million parturients a year. Despite its ubiquitous use, fetal heart rate

tracing (FHRT) is marred by intraobserver variability and inconsistent use of terms to describe contraction patterns. FHRT
also is associated with dubious resuscitative measures to improve abnormal patterns and increases in cesarean delivery
(CD) without improving the rate of cerebral palsy. In 2009 and 2010, the American College of Obstetricians and Gynecolo-
gists endorsed a 3-tiered FHRT categorization (categories I, II, and III) and interpretation system as well as a framework to
manage FHRT abnormalities. Publications on the incidence of the 3 categories on deliveries and neonatal outcomes are lim-
ited by small sample size, focus on specific populations or situations, a specific category of FHIRT, single-center study, opin-
ions of experts in the absence of data, and insufficient power to associate abnormal patterns and uncommon adverse out-
comes. Also, a comprehensive review of neonatal and maternal adverse outcomes in the different FHRTcategories is lacking
in the literature. The aim of this study was to assess the rate of neonatal and maternal adverse outcomes using the 3-tiered
FHRT classification system.
This was a systematic review andmeta-analysis of studies gathered from electronic medical databases up toMay 2022. The

primary outcomes were the rates of Apgar scores <7 at 5 minutes and umbilical arterial (UA) pH <7.0 for each FHRTcategory.
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Secondary neonatal outcomes included UA pH <7.10, UA pH <7.0 and base excess ≤12 mEq/mL, admission to the neonatal
intensive care unit (NICU), ventilation support for ≥6 hours, sepsis, seizure, hypoxic-ischemic encephalopathy (HIE), or death
within 27 days of birth. Secondary maternal outcomes included CD, postpartum hemorrhage, or transfusion. Included were ob-
servational studies, published in English, which included electronic fetal monitoring recordings from 30 to 120 minutes before
delivery and reported on the outcomes of interest with FHRT categories I, II, and III.
Of the 2608 studies identified, 3 met the inclusion criteria. The studies—1 from Italy and 2 from the United States—

represented 47,648 singleton, term deliveries between 2007 and 2015. Across the 3 studies, 27% of tracings were described
as category I, 72.9% as category II, and 0.1% as category III. The rate of each category varied, across studies. One study,
which was deemed to be poor quality, provided 82.1% of the data and none of the data for category III tracings.
The rate of Apgar score <7 at 5 minutes increased significantly from category I to category II tracings (0.74% vs 1.51%;

odds ratio [OR], 1.56; 95% confidence interval [CI], 1.23 to 1.99), category I to category III (14.63%; OR, 14.46; 95%
CI, 2.77 to 75.39), and category II and category III tracings (OR, 7.42; 95% CI, 2.61 to 21.08). The rate of UA pH < 7.0 also
increased from category I (0.01%) to category II (0.24%) to category III (31.04%). Significant differences in the rate of UA
pH < 7.0 were observed between categories I and III (OR, 161.56; 95% CI, 25.18 to 1036.42) and between categories II and
III (OR, 42.29; 95%CI, 14.29 to 125.14). HIE was significantly more common among those with category III tracings (0% vs
18.97%; OR, 61.43; 95% CI, 7.49 to 503.50).
Significant differences were also observed for several neonatal adverse outcomes, including UA pH < 7.10 (comparison

across all categories), UA pH <7.0 and base excess ≤12 mEq/mL (between categories I and III), NICU admission (across cat-
egories I vs II vs III), sepsis (between categories II and III), HIE (between categories I vs III and II vs III), or death (between
category I vs III and II vs III). The rate for CD was 13.4% for those with category I tracings, 11.9% for category II, and
14.28% for category III, with significant differences observed between categories I and III (OR, 3.97; 95% CI, 1.62 to
9.75) and categories II and III (OR, 4.55; 95% CI, 1.88 to 11.01).
In conclusion, the frequency of having an Apgar score <7 at 5 minutes and UA pH <7.00 increased with each increase in

FHRTcategory. However, the majority of newborns with category II or III tracings do not experience adverse outcomes. This
study demonstrated that the 3-tiered FHRTcategorization and interpretation system only provides an approximate but impre-
cise measure of neonatal outcomes.

EDITORIAL COMMENT
(We have made a mess of things. In the early
1990sand2000s, theFHRTwasevaluatedbyexam-
ining the baseline, the variability, decelerations, and
accelerations. Decelerations could be described as
mild, moderate, or severe, depending on the depth
of them. If decelerations were followed by rising
baselines or if they were too frequent or too long,
wewould institute a host of interventions, and if there
is no improvement, we would, at that point, move to
CD. If youwere concerned about a fetal heart tracing
that was not too bad, one would obtain a fetal scalp
sample to further guide care.
Then in 2008, with the FHR document from the

National Institute of Child Health and Human Devel-
opment and the American College of Obstetricians
and Gynecologists, the era of the 3-tiered category
system for evaluating FHRTs was born. At first
glance, the categories seem reasonable. Category
I is an entirely normal FHRT with a normal baseline,
moderate variability, and without fetal heart rate de-
celerations. Category III is a bradycardia, a sinusoi-
dal pattern, or tachycardia with absent variability.
Yes, a category I fetal heart tracing is entirely nor-
mal, and there is a certain efficiency to collapsing
all of the features of a normal FHRT into a single
term. Category II FHR tracings are quite concerning,
often calling for an emergent CD. However, even
with category III FHR tracings, there is some ambi-
guity, depending on the exact tracing and the evolu-
tion of the tracing to become a category III. In the
setting of a bradycardia that is a sudden change
frombaseline, wemay have only 15–20minutes un-
til fetal neurologic injury begins; thus, the need for an
emergent delivery is immediate. But a tachycardic
FHR tracing in the setting of maternal fever without
precedingdecelerationsmay not even call for an im-
mediate delivery.
The ambiguity is far greater for a category II

tracing—in fact, such a tracing is labeled indeter-
minate. There are some that have moderate vari-
ability with repetitive variable decelerations that
are simply normal acid-base status, but fetal hyp-
oxia during the decelerations. Alternatively, there
may be an FHR tracing with minimal variability
and frequent decelerations that are likely to still
have normal gases, but a small percentage are
acidemia. Further, as opposed to category III trac-
ings that are quite infrequent, category II tracings
are the most common, occurring 80% of the time
or more. Commonly one type of category II FHR
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tracings evolves over time into a more concerning
category II FHR tracing, and there may be a range
of interventions we can do to stop the evolution,
but this has not been well codified.
In the abstract of the systematic reviewpresented

above, the authors describe their attempt to
combine the existing data of the FHR categories
regarding their association with neonatal out-
comes. There were only 3 articles that met the
inclusion and exclusion criteria. The studies did
find an association between progressing from
category I to category II to category III with neo-
natal acidemia, NICU admission, and HIE. But
certainly, progressing to category II and then to
category III was not definitive for the adverse
neonatal outcomes, but rather increased the risk
of those things occurring.
One thing is clear, given that the categories have

been around for over 15 years, having only 3 stud-
ies examining their use and impact on outcomes
is inadequate and speaks to the challenges of
conducting such studies. Further, what is needed
more importantly are intervention studies of how
to manage category II FHRTs. We now know oxy-
gen does not help in that setting; do IV fluid bo-
luses? How about decreasing or ceasing the oxy-
tocin? In the second stage of labor, pushing every
other contraction allowing more time for recovery
from hypoxia during contractions may help. All of
these interventions need to be studied in a pro-
spective, randomized fashion to understand how
we can prevent the development of fetal acidemia
and fetal injury. An alternative to the category sys-
tem was presented at the National Institute of
Child Health and Human Development FHR con-
ference back in 2008. This 5-tiered, color-coded
system included management approaches for
each of the 5 groups. When it has been instituted,
there has been a reduction in neonatal acidemia
without a change in CDs (J Matern Fetal Neonatal
Med 2013;26:71–74). It is interesting to think
about where we would be if we had adopted this
5-tiered approach over the categories system—
would there be better outcomes?—ABC)
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ABSTRACT
It is common for fetal oxygenation and pH to decline during labor. However, severe oxygen deprivation can cause fetuses

to develop metabolic acidemia, a risk factor for moderate to severe neonatal encephalopathy that can progress to cerebral
palsy. The American College of Obstetricians and Gynecologists (ACOG) defines fetal acidemia as umbilical arterial
pH <7.0 and a base deficit ≥12 mmol/L. The criteria from the Eunice Kennedy Shriver National Institute of Child Health
and Human Development (NICHD) Neonatal Research Network is more sensitive and defines fetal acidemia as an umbilical
artery (UA) pH ≤7.0 or a base deficit ≥16mmol/L; a history of an acute perinatal event and either no blood gas available, a pH
from 7.01 to 7.15, or a base deficit from 10 to 15.9 mmol/L with an Apgar score ≤5 at 10 minutes; or assisted ventilation at




